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Helicobacter pylori is associated with weakened
pulmonary function and reduced incidence of allergic
conditions in patients with chronic cough
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Abstract. The present study aimed to investigate the potential
association between Helicobacter pylori (a H. pylori) positive
state and chronic cough. A clinical observational study with
systematic analysis was performed, including 278 patients
with complaints of chronic cough and 148 healthy controls.
a H. pylori positive state was present in 61.2% of the patients
in the chronic cough group and 68.9% in the chronic refrac-
tory cough group, as opposed to 43.9% in the control group.
There was a significant improvement in 65.5% of the patients
with chronic refractory cough following successful a H. pylori
eradication therapy. In addition, patients with chronic cough
exposed to a H. pylori exhibited decreased pulmonary func-
tion with a decrease in forced expiratory volume in 1 sec by
84 ml, a decrease in the forced vital capacity by 53 ml and
a decrease in maximal vital capacity by 46 ml. The differ-
ence was even more obvious in the chronic refractory cough
group. The allergy status differed significantly according to
age between a H. pylori-positive and -negative cases in the
cough variant asthma and allergic cough groups. Among
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patients aged <40 years, a H. pylori-positive cases had a lower
prevalence of atopy and lower total serum immunoglobin E
levels compared with a H. pylori-negative cases. However,
there was no significant association between a H. pylori status
and C-reactive protein levels, erythrocyte sedimentation rate
or eosinophil count in the peripheral blood. In conclusion, the
present study demonstrated that a H. pylori infection may be a
factor associated with chronic cough and it may be associated
with a decline in pulmonary function and reduced incidence
of allergic conditions. Thus, a H. pylori may represent a target
for the treatment of chronic cough.

Introduction

Chronic cough (CC) is a common clinical condition that may
disrupt the everyday activities of affected patients, including
their work. The prevalence of CC among the adult popula-
tion has been reported to range between 13 and 32% (1). By
definition, CC is a cough lasting for >8 weeks in patients
who have a normal chest radiograph, are not receiving
therapy with angiotensin-converting enzyme inhibitors
and have not been exposed to environmental irritants (1,2).
According to the data reported in the literature, cough
variant asthma (CVA), upper airway cough syndrome
(UACS), allergic cough (AC), eosinophilic bronchitis (EB)
and gastroesophageal reflux-related cough (GERC) are the
major causes of CC, accounting for ~70-95% of the causes in
Chinese patients (3,4). Certain patients may have more than
one of these conditions. However, in a significant number
of patients, the cause of the cough may remain elusive, or
the cough may be refractory to treatment, despite extensive
investigations and therapeutic trials. Unexplained chronic
cough (UCC) is a major health concern that occurs in up to
5-10% of the Chinese population (5,6). Furthermore, although
the aetiology may be identified in certain patients, there is
no effective treatment method or there may be no treatment
response, leading to persistent cough (7). Collectively, UCC
and persistent cough with poor therapeutic response are
referred to as chronic refractory cough (CRC), which occurs
in up to 12-42% of cases (8).
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Chronic persistent cough may interrupt patients' sleep,
leading to exhaustion. Affected patients experience a marked
decline in their quality of life. They frequently seek medical
help at various hospitals throughout China, are repeatedly
subjected to a variety of examinations and receive a number
of different drugs, suffer from various adverse drug reactions
and carry a heavy financial burden (9). Furthermore, persistent
respiratory symptoms, particularly in young adults, are associ-
ated with an accelerated decline in lung function, an increased
incidence of obstructive and restrictive physiological condi-
tions and an elevated risk of future lung diseases (10).

Helicobacter pylori (a H. pylori) is a slow-growing,
microaerophilic, gram-negative bacterium; its most striking
biochemical characteristic is the abundant production of urease.
The prevalence of a H. pylori positive state varies from <40%
in developed countries to >70% in developing countries (11).
a H. pylori positive state is causally associated with various
health conditions, including chronic active gastritis, peptic
ulcer disease and gastric cancer (12). Over the past few years,
a variety of extradigestive disorders, particularly respiratory
system diseases, including chronic bronchitis, bronchiectasis,
pulmonary tuberculosis, asthma, chronic obstructive pulmo-
nary disease (COPD) and idiopathic pulmonary fibrosis (IPF),
have been reported to be associated with a H. pylori positive
state (13,14). In addition, a H. pylori has been detected in the
tracheobronchial aspirates of mechanically ventilated patients
and the possibility that it may cause ventilator-associated
pneumonia has been raised. Furthermore, previous studies
have investigated a potential role for a H. pylori positive
state in several clinical conditions (15). Their results demon-
strated that a H. pylori positive state may be associated with
several clinical manifestations (16-18), including chronic
persistent cough. However, the exact underlying mechanisms
have remained elusive. The current retrospective study was
performed to investigate the role of a H. pylori positive state
in CC.

Materials and methods

Patients and selection criteria. A total of 278 adult patients
referred to the respiratory clinic of Shaoxing People's
Hospital (Shaoxing, China) due to chronic persistent cough
over a 2-year enrolment period (June 2016-May 2018),
including outpatients and inpatients, were enrolled in the
present study. The control group was recruited from the
Physical Examination Centre of Shaoxing People's Hospital
(Shaoxing, China) and included 148 age- and sex-matched
subjects with no history of CC, of whom 87 were females
and 61 were males (female/male ratio, 1.4:1), with a mean age
of 48.6 years (95% CI: 46.53-50.75). The CC group included
176 females and 102 males (female/male ratio, 1.7:1), with a
mean age of 48.2 years (95% CI: 34.86-61.46).

The patients with different types of cough were required
to meet the following inclusion and exclusion criteria: i) The
major or only clinical symptom is a cough lasting for >8 weeks.
ii) No exposure to environmental irritants. iii) Normal or
near-normal chest radiographs or chest CT scans (no or
minor stable inconsequential scarring). iv) No treatment with
angiotensin-converting enzyme inhibitors. v) No response
to antibiotic therapy. vi) Exclusion of chronic bronchitis,

bronchiectasis, typical asthma, COPD and interstitial lung
disease. vii) Exclusion of combination of two or more causes
of CC.

Diagnosis. The diagnostic criteria according to Guidelines for
diagnosis and treatment of cough (version 2015) (19) for the
different types of cough are described below.

CRC. Persistent CC despite thorough investigation and conven-
tional treatment according to published practice guidelines.

CVA. i) CC, usually irritating cough at night. ii) A positive
result through bronchial provocation tests or bronchial dilation
test or lung function mean diurnal peak expiratory flow (PEF)
variation rate index >10% (continuous detection for at least
7 days). iii) Cough improved significantly or even disappeared
following anti-asthmatic treatments.

AC.1) CC, usually irritating dry cough. ii) Normal pulmonary
ventilation and a negative result through bronchial provocation
tests. iii) Normal numbers of sputum eosinophils. iv) A posi-
tive result in detection of atopy or total serum immunoglobulin
(Ig) E levels or a history of allergic diseases or exposure to
allergenic substances. v) Cough improved significantly or even
disappeared after glucocorticoid or anti-histamine treatments.

UACS. 1) Paroxysmal or persistent cough occurring more
frequently in the daytime, with disappearance or decrease
during sleep. ii) Clinical manifestation and medical history
of nasal or pharyngeal diseases. iii) Adjunctive examination
supporting the diagnosis of nasal or pharyngeal diseases.
iv) Cough improved significantly or even disappeared after
treatment of the nasal or pharyngeal diseases.

GERC. i) CC occurring mainly in the daytime, associated
with typical reflux symptoms (e.g. chest pain) or food intake.
i) Symptom index =45% or DeMeester score =12.7 (24 h
ambulatory oesophageal pH monitoring) or symptom asso-
ciation probability =80%. iii) Cough improved significantly or
even disappeared after anti-reflux therapy.

EB. 1) CC, usually irritating dry cough, or cough with a small
amount of phlegm. ii) Normal pulmonary ventilation, no
airway hyperresponsiveness and normal lung function mean
diurnal PEF variation rate index. iii) Percentage of sputum
eosinophils =2.5%. iv) Exclusion of other diseases charac-
terised by eosinophil infiltration and proliferation. v) Cough
improved significantly or even disappeared after oral or
inhaled glucocorticoid treatment.

Other rare causes. i) Psychogenic cough: a) CC occurring
only in the daytime with disappearance during sleep or
while focusing on something. b) CC aggravated by a variety
of psychological factors. ¢) A negative result following
thorough investigation of CC. d) Exclusion of other causes
of CC. e) Cough improved significantly or even disappeared
after psychotherapy, anti-anxiety or anti-depressant therapy.
ii) Post-infectious cough: a) CC persisting after the disap-
pearance of acute symptoms of respiratory infections, usually
irritating dry cough or with a small amount of phlegm.
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Table I. Patient characteristics.

Characteristics CC group (n=278) Control group (n=148) P-value
Sex, female/male 176/102 87/61 0.36
Age, years 48.16+13.30 48.64+13.00 0.289
Body height, cm 162.91+7.63 162.85+7.27 0.942
Body weight, kg 62.38+9.92 59.88+11.00 0.018
BMI, kg/m? 23.44+2 .86 22.48+3.19 0.22
Education, years 9.80+4.20 10.21+3.72 0517
Smoking

Pack years 2.73+8.12 4.43+11.06 0.089
Time since 0.24+1.60 021+1.24 0.502

smoking cessation, years

Continuous variables are expressed as the mean + standard deviation.

BMI, body mass index.

b) Normal or near-normal (no more than stable inconsequen-
tial scarring) chest radiographs or chest CT scans; ¢) Exclusion
of other causes of CC; d) Cough improved significantly or even
disappeared after anti-tussive, anti-histamine or decongestant
treatment.

Evaluation of cough severity. A self-administered symptom
telephone questionnaire was used to evaluate cough severity
and its effect on the quality of life on a ranking scale, with
scores of 1, 2, 3 and 4 indicating mild, moderate, severe and
highly severe complaints with high impairment of life quality,
respectively.

Occasional cough was graded as mild (cough symptom
score, 1).

Intermittent cough without affecting the quality of life
(including the quality of sleep) was graded as moderate (cough
symptom score, 2).

Intermittent cough with a mild impairment of life quality
(including the quality of sleep) was graded as severe (cough
symptom score, 3).

Persistent cough with a serious impairment of life quality
(including the quality of sleep) was graded as highly severe
(cough symptom score, 4).

Clinical examination. The medical history of patients with
CC frequently provided important initial clues. The history
of the patients included in the present study was thoroughly
recorded, including meticulous assessment of the symptoms,
by using telephone interviews. The concurrent symptoms may
suggest a suitable diagnosis. At the Shaoxing People's Hospital,
CC is diagnosed strictly according to the diagnostic criteria
outlined above. Subsequently, the necessary examinations
and experimental treatments may be performed to make an
accurate diagnosis and clearly determine the causes of the CC.

Clinical examinations were performed, including chest
X-ray or CT, lung function measurements, including the
bronchodilatation test or bronchial provocation test, esopha-
gogastroduodenoscopy or 24-h ambulatory oesophageal pH
monitoring, nasal endoscopy, laryngoscopy, paranasal sinus
X-ray or CT, induced sputum eosinophils, bronchoscopy and

detection of atopy, total serum IgE levels, C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR) and eosinophil
(EO) count in the peripheral blood. IgE levels >200 IU/ml
were considered positive. A a H. pylori positive state was
assayed using the *C or C urea exhalation test (01 tester;
Shenzhen Zhonghe Headway Biological Technology Co. Ltd.).
All the participants were examined on an empty stomach in
the morning.

Certain patients with a H. pylori positive state received a
bismuth-containing quadruple therapy consisting of amoxi-
cillin (1 g twice daily), clarithromycin (500 mg twice daily)
and omeprazole (20 mg twice daily) for 14 days (20). The a
H. pylori status was followed up for 6 weeks after the comple-
tion of treatments. a H. pylori eradication treatment was offered
based on the gastroenterologists' discretion according to the
American College of Gastroenterology Clinical Guidelines
(version 2017) (21).

Statistical analysis. SPSS (version 20.0; IBM Corp.) statistical
software was used for data analysis. Multivariate analysis was
used to investigate the independent association of a H. pylori
and CC. Comparisons of log-transformed CRP and ESR
values, blood EO count, lung function indices [forced expi-
ratory volume in 1 sec (FEV1), forced vital capacity (FVC),
maximal vital capacity (VCmax)] as well as body height, body
weight and body mass index (BMI) between groups were
performed by an unpaired Student's t-test. The ¥ test was
used to compare the prevalence of a H. pylori positive state,
symptom improvement rate, atopy, serum IgE levels and other
data including sex, age, educational background and smoking
status among groups. P<0.05 was considered to indicate a
statistically significant difference.

Results

Patient characteristics. The present study included a total of
426 subjects, which were divided into two groups. The study
group included 278 patients with chronic persistent cough, who
were then subdivided into 7 subgroups according to the causes
of CC as described above (CC: Cough lasting for >8 weeks
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Table II. CC patient characteristics.

Variable H. pylori positive H. pylori negative P-value
Number 170 108
Sex (male/female) 68/102 34/74 0.15
Age 46.54+12.42 50.71+14.27 0.07
Heigh (cm) 163.45+7.54 162.06+7.71 0.14
Weight (Kg) 62.53+10.60 62.13+£8.80 0.74
BMI 23.31+£2.95 23.64+2.73 0.35
Education (Years) 9.49+4 .38 10.27+£3.83 0.06
Smoking status Pack years 2.87+8.03 2.51+£8.30 0.25
Continuous data are shown as mean + standard deviation.
Table III. Control group patient characteristics.
Variable H. pylori positive H. pylori negative P-value
Number 65 83
Sex (male/female) 30/35 31/52 0.28
Age 48.45+13.67 48.80+12.54 0.84
Heigh (cm) 163.06+7.36 162.69+7.23 0.76
Weight (Kg) 58.69+9.98 60.81£11.71 0.25
BMI 22.01+2.93 22.86+3.35 0.11
Education(years) 9.12+£3.75 11.11+£3.36 0.02
Smoking status Pack years 5.61+12.05 3.50+10.20 0.06
Continuous data are shown as mean =+ standard deviation.
in patients who exhibited a normal chest radiograph, are not  Table IV. Prevalence of H. pylori positivity.
receiving therapy with angiotensin-converting enzyme inhibi-
tors and have not been exposed to environmental irritants such H.pylori (+),  H.pylori(-),
as occupational dust and chemical substances). Group n/totals (%) n/totals (%)  P-value
The control group recruited from the Physical Examination
Centre of Shaoxing People's Hospital included 148 age- and CC 170/278 (61.2) 108/278 (38.8)  0.001
sex-matched subjects with no history of CC or other respiratory ~ CRC 42/61 (68.9)  19/61 (31.1) 0.001
diseases. No significant difference in sex, age, body height, CVA 69/113 (61.1) 44/113 (38.9) 0.006
body weight, BMI, educational background or smoking status ~ AC 16/26 (61.5) 10/26 (38.5) 0.097
was present between the CC and control groups (P>0.05). UACS 13/20 (65.0) 7/20 (35.0) 0.076
In the CC group, there was also no significant difference in  GERC 22/37(59.5)  15/37(40.5) 0.09
sex, a.ge, helght, welght, BMI, educationa.l.background and EB 5/11 (455) 6/11 (545) 0921
smoking status between a H: pylori. positive and.nega.t%ve Other rare reasons 5/10 (50.0) 5/10 (50.0)  0.708
cases (P>0.05). However, patients with a H. pylori positive Conirol 65/148 (43.9)  83/148 (56.1)

(Tables I, IT and III).

H. pylori positivity. The rate of H. pylori positivity was
170/278 (61.2%) in the CC group and 65/148 (43.9%) in the
control group. The difference was indicated to be statistically
significant (P<0.05). Furthermore, there were 42/61 (68.9%)
a H. pylori-positive cases in the CRC group (P<0.05), 69/113
(61.1%) in the CVA group (P<0.05), 16/26 (61.5%) in the AC
group (P>0.05), 13/20 (65%) in the UACS group (P>0.05)
and 22/37 (59.5%) in the GERC group (P>0.05) compared
with the control group. The remaining two groups were not

CC, chronic cough group; CRC, chronic refractory cough group;
CVA, cough variant asthma group; AC, allergic cough group; UACS,
upper airway cough syndrome group; GERC, gastroesophageal
reflux-associated cough group; EB, eosinophilic bronchitis.

analysed due to insufficient numbers of patients. The results
are presented in Table I'V.
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Table V. Pulmonary function.

FEV1,1 FVC,1 VCmax, 1
Group H. pylori (+) H. pylori (-) H. pylori (+) H. pylori (-) H. pylori (+) H. pylori (-)
CC 2.85+0.74 2.93+0.84 3.59+0.89 3.65£0.99 3.70+0.91 3.75£0.99
CRC 2.98+0.61° 3.37+0.85 3.74+0.69 4.08+1.04 3.86+0.72 4.17+£1.01
CVA 2.62+0.71 2.80+0.90 3.37+0.85 3.56+1.04 3.46+0.86 3.68+1.06
AC 2.92+0.58 2.82+0.86 3.59+0.89 3.40+1.09 3.74+0.86 3.51+1.08
UACS 291091 2.89+0.71 3.69+1.12 3.59+0.90 3.76x1.18 3.61+0.88
GERC 3.25+0.86 2.97+0.75 4.04+1.03 3.66+0.96 4.20+1.03 3.73+0.99
Control 2.94+0.69 2.92+0.78 3.63+0.85 3.63+0.95 3.75+0.87 3.71£0.96

Values are expressed as the mean + standard deviation. *P=0.044 vs. H. pylori (-). CC, chronic cough group; CRC, chronic refractory cough
group; CVA, cough variant asthma group; AC, allergic cough group; UACS, upper airway cough syndrome group; GERC, gastroesophageal
reflux-associated cough group; EB, eosinophilic bronchitis; FEV1, forced expiratory volume in 1 sec; FVC, forced vital capacity; VCmax,

maximal vital capacity.

Table VI. Predicted pulmonary function (%).

FEV1 FvC VCmax
Group H. pylori (+) H. pylori (-) H. pylori (+) H. pylori (-) H. pylori (+) H. pylori (-)
CcC 100.79+14 .80* 107.32+15.56 104.78+14.85* 109.00+15.48 105.41+14.30* 109.00+14.50
CRC 102.24+8.33* 115.23+£10.82 106.06+10.65* 115.82+10.81 106.51+10.45* 115.62+10.87
CVA 96.15+15.02 101.05+16.26 101.85+14.39 104.52+15.96 102.37+14.05 104.61+14 .40
AC 106.11+18.73 108.41+15.62 106.00+21.00 106.50+13.66 107.32+18.93 107.42+14.05
UACS 98.01+13.10* 112.19+£11.32 103.68+16.93 114.30+15.83 102.48+17.18 112.06+14 .48
GERC 110.58+15.32 109.12+13.68 111.94+15.40 110.15+£17.97 113.74+13.74 109.61+17.76
Control 105.80+12.10 107.58+16.28 107.18+15.36 109.46+16.09 107.69+13.88 108.78+15.76

*P<0.05. Values are expressed as the mean + standard deviation. CC, chronic cough group; CRC, chronic refractory cough group; CVA, cough
variant asthma group; AC, allergic cough group; UACS, upper airway cough syndrome group; GERC, gastroesophageal reflux-associated
cough group; EB, eosinophilic bronchitis; FEV1, forced expiratory volume in 1 sec; FVC, forced vital capacity; VCmax, maximal vital

capacity.

Pulmonary function. Patients with CC exposed to a H. pylori
exhibited lower lung function as compared with those who
were not, with a decrease in FEV1 by 84 ml, a decrease in
FVC by 53 ml and a decrease in VCmax by 46 ml (P>0.05).
Although the difference did not reach statistical significance,
it became statistically significant after adjusting for height,
weight, age, sex and ethnicity (the adjusted value was expressed
as percent predicted pulmonary function, P<0.05). There was
no significant difference in the aforementioned pulmonary
function indices between a H. pylori-positive and -negative
cases in the control group (P>0.05; Table VI).

Furthermore, a subgroup analysis was performed. Patients
in the CRC group exposed to a H. pylori exhibited lower lung
function compared with those who were not, with a decrease
in FEV1 by 395 ml (P<0.05), a decrease in FVC by 335 ml
(P>0.05) and a decrease in VCmax by 314 ml (P>0.05). After
adjusting for height, weight, age, sex and ethnicity, effect
modification was observed for the association between a
H. pylori positive state and pulmonary function in the CRC

group (P<0.05). The percent predicted pulmonary function
was calculated using a prediction formula according to epide-
miological survey data of the East China area from Shanghai
Zhongshan Hospital, Fudan University (22). The results are
presented in Tables V and VI and Figs. 1 and 2.

Atopy and total IgE. Patients with CC who were a
H. pylori-positive had fewer allergic conditions compared with
those who were a H. pylori-negative, as evaluated by deter-
mination of atopy and total serum IgE levels (P<0.05). There
was no statistically significant association between a H. pylori
exposure and allergic conditions in the CVA and AC groups.
However, the subgroup analysis according to age revealed
an inverse association between a H. pylori positive state and
allergic conditions in those patients. The allergic status differed
significantly according to age between a H. pylori-positive
and -negative cases in the CVA and AC groups. Among the
patients aged <40 years, a H. pylori-positive patients had a
lower prevalence of atopy compared with a H. pylori-negative
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Figure 1. Predicted pulmonary function in the CC group. CC patients with a H. pylori positive had lower lung function than those who were not after adjusting
for factors including height, weight, age, sex and ethnicity. The adjusted value was expressed as percent predicted pulmonary function. Values: “P<0.001 and
"P<0.05 vs. negative group. FEV1, forced expiratory volume in 1 sec; FVC, forced vital capacity; VCmax, maximal vital capacity.

130-

120+

110+

Percent predicted
pulmonary function

FEV1 FvC

H. pylori positive
I H pylori negative

VC max

Figure 2. Predicted pulmonary function in the chronic refractory cough group. Patients in the chronic refractory cough group exposed to a H. pylori had
lower lung function than those who were not after adjusting for factors including height, weight, age, sex and ethnicity. The adjusted value was expressed as
percent predicted pulmonary function. Values: A, 102.24+8.3 (P<0.001); B, 115.23+10.8; C, 106.06+10.6 (P=0.002); D, 115.82+10.8; E, 106.51+10.4 (P=0.003);
F, 115.62£10.9. "P<0.001 and “P<0.05 vs. negative group. FEV1, forced expiratory volume in 1 sec; FVC, forced vital capacity; VCmax, maximal vital capacity.

cases (46.9 vs. 81.8%, P<0.05). After defining serum IgE levels
>200 TU/ml as positives, there was a significantly reduced
number of IgE-positive patients in the H. pylori-positive
subgroup among patients aged <40 years (37.5 vs. 72.7%,
P<0.05). The results are provided in Table VII.

CRP, ESR and EO in the peripheral blood. There was no
significant association between H. pylori status and CRP,
ESR or EO count in the peripheral blood following the
log-transformation (P>0.05). The results of the subgroup
analysis according to the cause of CC were consistent (P>0.05;
Data not shown). The results are presented in Table VIII.

Effect of a H. pylori eradication. Patients with CC exposed
to H. pylori had higher cough symptom scores and poorer
therapeutic responses (cough symptom score: 2.92+0.93
in H. pylori-positives vs. 2.50+0.92 in H. pylori-negatives;
P<0.001). The patients with CRC were followed up. A total of
29 patients with CRC received H. pylori eradication treatment,
19 of whom exhibited an improvement in the cough and the
cough-specific quality of life at 1-2 months after successful
eradication (improvement was defined as a reduction in the
ranking scores of the evaluated symptoms of at least 1).
However, a long-term follow-up study is required to fully
elucidate the effect of H. pylori eradication on pulmonary
function. The results are presented in Table IX.

Discussion

Since Warren and Marshall (23) reported on the culture of
a spiral bacterium from the stomach in 1983, subsequently
named a H. pylori, the causative role of this gram-negative
bacterium in various upper-gastrointestinal-tract diseases
has been increasingly recognized (24,25). With advancing
research, several studies focused on the association between a
H. pylori positive state and extra digestive diseases, including
respiratory system diseases (26,27). It was reported by scholars
from Alexandria University that a H. pylori positive state may
lead to several clinical manifestations of respiratory-tract
diseases (15). Furthermore, a H. pylori has been identified
in the tracheobronchial aspirates of mechanically ventilated
patients and may cause ventilator-associated pneumonia (28).
This prompted us to investigate the possible association
between a H. pylori positive state and CC, particularly CRC.
The present study revealed that a high percentage (up to
61.2%) of patients with CC suffered from active a H. pylori
infection (29), particularly those with CRC (up to 68.9%).
This was significantly higher compared with the percentage of
active a H. pylori positive state among controls without cough
(43.9%). Subsequently, a follow-up study was performed by
telephone interviews. The results revealed that 65.5% (19/29)
of patients with CRC who had received a H. pylori eradication
treatment exhibited an improvement in their cough and the



EXPERIMENTAL AND THERAPEUTIC MEDICINE 20: 47, 2020 7

Table VII. Association between H. pylori exposure and allergic conditions.

Groups Atopy (+), n/total (%) P-value IgE, n/total (%) P-value
Chronic cough
H. pylori (+) 46/170 (27.1) <0.05 46/170 (27.1) <0.05
HP (-) 43/108 (39.8) 44/108 (40.7)
CVA and AC
H. pylori (+) 60/88 (68.2) >0.05 44/88 (50.0) >0.05
H. pylori (-) 35/53 (66.0) 33/53 (62.3)
Age <40 years (CVA and AC)
H. pylori (+) 15/32 (46.9) <0.05 12/32 (37.5) <0.05
H. pylori (-) 9/11 (81.8) 8/11 (72.7)
Control group
H. pylori (+) 9/65 (13.8) >0.05 4/65 (6.2) >0.05
H. pylori (-) 9/83 (10.8) 6/83 (7.2)

CVA, cough variant asthma group; AC, allergic cough group.

Table VIII. Association between H. pylori exposure and
systemic inflammation.

Table IX. Cough symptom score in chronic cough and CRC
groups (a H. pylori positive vs. a H. pylori negative).

H.pylori (+), H.pylori(-), H. pylori H. pylori
Group n (%) n (%) P-value  Group positive negative P-value
Chronic cough Cough symptom score
CRP 2.24+6.54 3.43+10.68 0.309 Chronic cough 292+093 2.50+0.92 P<0.001
Log CRP -0.01+0.46 0.03+0.51 0.511 CRC 3.19+0.86 2.26+0.87 P<0.001
ESR 10.35+8.31 11.78+13.42 0419 Conti dat N o dard doviation. Couah
ontinuous data are shown as mean =+ standar cviation. Cou
Log ESR 0.88+0.36 0.88+0.40 0943 symptom score ranges from 1-4 (1: Mild; 2: Moderate; 3: Seve;ge;
EO 0.16+0.18 0.16+0.32 0914 4: Extremely serious).
Log EO -0.94+0.36 -1.01£0.40 0.175
Control group
CRP 4.58+11.19 3.02+6.23 0.316
Log CRP 0.13+0.66 0.05+0.60 0486  release of various pro-inflammatory factors, including cyto-
ESR 13.68+24.04 13.91+18.10 0.962 kines and eicosanoids. The neutrophil-activating protein of
Log ESR 0.88+0.30 0.88+0.35 0.996 a H. pylori is a major pro-inflammatory factor that not only
EO 0.13+0.11 0.11+0.10 0.326 has a key role in driving T-helper type 1 (Thl) inflammation,
Log EO -1.02+0.38 -1.10+0 41 0263 but is also able to inhibit Th2-mediated bronchial inflam-

Values are expressed as the mean + standard deviation. CRP,
C-reactive protein; ESR, erythrocyte sedimentation rate; EO, eosino-
phil count in peripheral blood.

cough-associated quality of life at 1-2 months after successful
eradication. Thus, it may be inferred from the results that there
may be a potential association between a H. pylori positive state
and CC. The results of the present study are consistent with
those reported by a study from the Alexandria University (15).

While the pathogenetic mechanisms underlying the effects
of a H. pylori on airway disorders remain to be determined,
they may involve chronic inflammation promoted by persis-
tent infection with a H. pylori (30,31). It is well-known that
a H. pylori colonization of the gastric mucosa stimulates the

mation (32,33). Talaat er al (15) suggested that continuous
release of inflammatory mediators by a H. pylori may result
in direct or indirect effects on the oesophageal mucosa, which
increased its sensitivity to acid and affected the motility of
the oesophageal sphincter. As a result, exposure of the lower
oesophagus to comparably short-term reflux episodes, through
vagally mediated reflexes, may result in persistent cough.
Furthermore, a H. pylori is capable of adhering to epithelial
cell lines originally derived from different organs, including
respiratory tract epithelial cells. a H. pylori was recently
identified in the tracheobronchial aspirates of mechanically
ventilated patients and there may be an association between
a H. pylori and ventilator-associated pneumonia (28). A study
from Japan demonstrated that a H. pylori VacA, the major
exotoxin of a H. pylori, was present in the human lung and
induced inflammatory factor production by human lung
cells (34). It is possible that a H. pylori is aspirated into the
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respiratory tract from the oropharynx or the gastric reservoir,
thereby causing chronic persistent cough. This chronic micro-
aspiration may be involved in chronic inflammatory injuries
of the airway epithelia, as well as a systemic immune response
that affects the respiratory system in susceptible patients. VacA
may exert a local immunosuppressive effect. VacA inhibits the
production of interleukin (IL)-2, which is required for T-cell
viability and proliferation, and downregulates the surface
expression of IL-2 receptor-a (32). In addition, it was reported
that VacA induced apoptosis by release of cytochrome ¢ from
mitochondria and activation of caspase-3, which may lead to
airway injury (35).

A clinical study from the Nottingham City Hospital
demonstrated that individuals with a H. pylori positive
state exhibited decreased lung function, with FEV1 being
lower by 53 ml and FVC by 83 ml in their cross-sectional
analysis, although this association was not independent
of body height or the socioeconomic status (36). Similar
results were reported by a Canadian study, which demon-
strated that patients who were seropositive for a H. pylori
had lower FEV1 values compared with individuals who
were seronegative for a H. pylori; however, the significance
of the association between FEV1 and a H. pylori sero-
positivity disappeared when FEV1 percent predicted values
were used (37). Furthermore, previous studies demonstrated
that a H. pylori positive state was associated with reduced
lung function in patients with COPD and IPF, which is most
likely due to the effect of the bacterium on lung growth
earlier in life (38,39). Systemic inflammation may also be a
contributing factor.

The present study investigated the effect of a H. pylori
positive state on lung function, as well as the systemic
inflammation as evaluated by CRP, ESR, IgE and peripheral
blood EO count in patients with CC. The results demonstrated
that patients exposed to a H. pylori in the CC group had a
lower percent predicted lung function compared with those
who were negative for H. pylori. The difference was even more
obvious in the CRC group. Furthermore, there was no associa-
tion between a H. pylori status and lung function in the control
group. Therefore, it may be inferred that in patients with CC,
a H. pylori positive state is associated with decreased lung
function, although further studies and a long-term follow-up
are required to confirm this potential association. However,
no significant association was observed between a H. pylori
positive state and systemic inflammation markers, including
CRP, ESR, IgE and EO count.

Persistent airway injury and inflammation cause airway
remodelling and a progressive impairment of lung function,
leading to chronic airway diseases. Studies have demon-
strated that in young adults, persistent respiratory symptoms,
including persistent cough, were associated with an acceler-
ated decline in lung function, incidence of obstructive and
restrictive physiology and a higher risk of future radiographic
emphysema (10,40). The potential association between a
H. pylori positive state and CC indicates that the presence of
cough-associated respiratory symptoms and persistent airway
inflammation induced by a H. pylori may serve as a prognostic
marker for accelerated decline in lung function and future lung
diseases. This association was more obvious in patients with
CRC.

A meta-analysis demonstrated that a H. pylori positive state
was associated with an estimated 18% reduction in the risk of
atopy, as estimated by allergen skin tests and specific IgE (41).
Whether a H. pylori positive state is inversely associated with
allergic diseases remains controversial (42-45). An experi-
mental study demonstrated that oral immunomodulators with a
H. pylori extract prevented airway hyperresponsiveness, bron-
choalveolar eosinophilia, pulmonary inflammation and Th2
cytokine production, which are hallmarks of allergen-induced
asthma, in mice (44). Similar results were also obtained in a
recent study (45). Furthermore, several large cross-sectional
and case-control studies demonstrated an inverse associa-
tion between a H. pylori positive state and allergic diseases,
including inflammatory airway diseases (44). However, others
reported no association or a weak inverse association (41).
In the present study, patients with CC who were a H. pylori-
positive had fewer allergic conditions compared with those
who were a H. pylori-negative, as evaluated by determination
of atopy and total serum IgE levels. However, there was no
statistically significant association between H. pylori exposure
and allergic conditions in the CVA and AC groups. Of note,
the subgroup analysis according to age revealed an inverse
association between a H. pylori positive state and allergic
conditions in those patients. Among those aged <40 years, a
H. pylori-positive patients had a lower prevalence of atopy and
serum IgE levels compared with a H. pylori-negative cases.
The present results were in line with Korean studies, according
to which the association of IgE hypersensitivity and allergic
diseases with a H. pylori positive state differed depending
on age (44,46). Another study observed that early exposure
to H. pylori was inversely associated with allergic conditions,
which was possibly linked to infection with CagA* strains of
H. pylori (41).

The gradual loss of the human indigenous microbiota
may be implicated in the increasing trend in the prevalence of
allergic diseases (42). H. pylori, as a bacterial pathogen, is a
constituent of the normal gastric microbiota, which may partly
explain the inverse association between a H. pylori positive
state and allergic conditions in patients with CVA and AC
aged <40 years (42). According to the ‘decreasing microbiota
hypothesis’, the intestinal microbiota affects the immune
system and commensal bacteria regulate the Th1/Th2 equi-
librium. H. pylori, an ancient indigenous microbe, is expected
to affect the immune system by shifting the cytokine balance
toward the Th1 type, which suppresses Th2-dominated allergic
diseases. It has been reported that H. pylori alters the T-cell
response by inducing the expression of IL-12, tumour necrosis
factor-a and interferon-y by T-cells. In the present study, an
inverse association between H. pylori and allergic conditions
in patients with CVA and AC aged <40 years, but not in those
aged >40 years was identified. The reason for this remains
elusive; however, it may be associated with the pathophysi-
ological processes of CVA and AC, which also require further
study. In addition, this is complicated by the fact that certain
children may change back from a positive to a negative status
of H. pylori positivity. In a population-based birth cohort in
Ethiopia, 17% of children with evidence of a H. pylori positive
state at the age of 3 years ceased to be negative at the age
of 5 years (47). The issue of the fluctuating exposure status
remains a major challenge.
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Patients with chronic persistent cough experience a signifi-
cant reduction in their quality of life, particularly patients
with refractory chronic persistent cough. Persistent cough in
young adults was associated with accelerated decline in lung
function, which was associated with a greater risk of future
development of lung diseases, including COPD. Therefore, it
is crucial to develop an effective treatment. The present study
raised the possibility that H. pylori may be a cause of chronic
cough, and that eradication of this pathogen may resemble a
potential treatment. In certain patients with CRC, including
those with unexplained chronic cough, the symptoms subsided
after a successful H. pylori eradication, which may prevent the
decline in lung function and airway remodelling. In addition,
a vaccination for preventing or treating a H. pylori infec-
tion may be of value, particularly during childhood. Since a
recent mouse study demonstrated that the protective effect of
H. pylori against allergic diseases did not require live bacteria,
treatment with an extract of H. pylori in neonates may prevent
the development of airway allergic diseases (48,49). The appli-
cation of H. pylori extract, particularly in early life, may be
an effective prevention and treatment measure for CVA and
AC (43). Of note, the present study had certain limitations. A
larger sample size and multicentre prospective clinical trials
are required to verify the effectiveness of this novel potential
clinical therapeutic strategy.

In conclusion, the results of the present study support the
theory of a potential association between a H. pylori posi-
tive state and CC, including CRC, CVA and AC. In addition,
HPI may be associated with the accelerated decline of lung
function in patients with chronic persistent cough, which may
lead to irreversible airway remodelling and even the future
development of chronic airway diseases. However, there is
an inverse association between HPI and allergic diseases,
including CVA and AC. Thus, H. pylori may be a promising
target for the treatment of chronic persistent cough. However,
further research is required.
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